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Organization of this talk.

* Part 1: Ensemble theory and nuts and bolts.
— Motivation for ensembles
— How we construct them.

— Advantages/disadvantages of some various
ensemble approaches.

e Part 2: Using ensembles for winter weather.
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Reminder: ensemble guidance
provides you with (probably)

a lower bound for the forecast
uncertainty.

One of the more dangerous
practices is to assume a high
level of confidence based

on a low spread in the ensemble.

This will be (and is) getting less
and less true with each
passing year.

Novak and Colle, WAF
June 2012
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ensemble
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June 2012
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FIG. 2. (a)-(c) Manually analyzed cooperative observer storm total liquid equivalent precipitation (mm, shaded every 5 mm according
to scale) for the (a) 25 Dec 2002, (b) 12 Feb 2006, and (c) 14 Feb 2007 cases. (d)-(f) Corresponding ensemble mean forecast storm total
precipitation. (g)-(i) Corresponding ensemble probability (%) of exceeding 50, 25, and 50 mm for the 25 Dec 2002, 12 Feb 2006, and

14 Feb 2007 cases, respectively.

Snowfall with
three winter storms
and SREF forecasts.

ref: ibid. 5
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FIG. 2. (a)-(c) Manually analyzed cooperative observer storm total liquid equivalent precipitation (mm, shaded every 5 mm according
to scale) for the (a) 25 Dec 2002, (b) 12 Feb 2006, and (c) 14 Feb 2007 cases. (d)-(f) Corresponding ensemble mean forecast storm total
precipitation. (g)-(i) Corresponding ensemble probability (%) of exceeding 50, 25, and 50 mm for the 25 Dec 2002, 12 Feb 2006, and

14 Feb 2007 cases, respectively.

Snowfall with
three winter storms
and SREF forecasts.

Probabilities for
the heaviest snow
regions were not
well forecast in
two of these three
storm.

ref: ibid. 6
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“Stamp maps”

Deterministic predictions | Verification

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours

Forecast 6

A

Busy, right? Too small to see
much detail on any member.

-\ \\ Yo

AT |

Forecast 31

o s G g
P i oo

Forecast 37

Forecast 46
S
~i)




“Stamp maps”

Deterministic predictions | Verification

s

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours

Forecast 6

A

Still, this may provide a useful
overview of the range of conditions
one should anticipate.
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“Stamp maps”

Deterministic predictions | Verification

s

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours

Forest 6

J

Enhancements I like: 6

(1) ability to animate stamp maps. ~
e.g., http://tinyurl.com/sandy-anim <
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“Stamp maps”

Deterministic predictions

Verification

s

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours

Forecast 6

Enhancements I'd like to see:
(2) Ability to click on a particular
member and load that data
for more
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Stamp maps

Deterministic predictions | Verification

Ensemble forecast of Lothar (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours

=5,
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from Tim Palmer’ s
book chapter, 2006,

in “Predictability of
Weather and Climate”.




Stamp Skew-T s with mouse-over
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Probability plots

Analog Prob Precip > 10.0mm
fcst from 2008041800 valid 2008041900-2008042000 Percent

* Provides a graphical
display of probabilities
for a particular event,
here for probability of
greater than 10 mm
rainfall in 24 h.

e Advantage: simple,
relatively intuitive.

* Disadvantages: no
sense of the
meteorology involved,
doesn’ t provide
information on whole
pdf.

NOAA/ESRL Physical Sciences Division

0O 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100

14
from Hamill & Whitaker’ s analog reforecast technique web page, www.cdc.noaa.gov/reforecast/narr.



Probability plots

Analog Prob Precip > 10.0mm

fcst from 2008041800 valid 200804 1900-2008042000 Percent

e With mouse-over
event capability

Probability Density

Precipitation amount
-

NOAA/ESRL Physical Sciences Division
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15

from Hamill & Whitaker’ s analog reforecast technique web page, www.cdc.noaa.gov/reforecast/narr.



Hurricane Sandy

“Sandy, you hurt me real bad”




Hurricane Sandy

GFS/EnKF ensembles and ellipses,|IC=2012102312
for storm number 18 in the AL basin

SON

45N at this lead, ~6 days

prior to the landfall,
there was tremendous
uncertainty as to the
track of Sandy.
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Plots like these

could be done for
winter storm tracks,
too.
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GFS/EnKF ensembles and ellipses,/C=2012102400
for storm number 18 in the AL basin

55N [>=--!

SON

45N [
40N |-

35N |

30N

25N

20N

15N

10N

SN

Hurricane Sandy

85W 80W 75W 70W 65W 60W 55W S50W 45W 40W 35W 30W 25W 20W
NOAA/ESRL Physical Sciences Division

at this lead, ~ 5.5 days
prior to the landfall,
there was tremendous
uncertainty as to the
track of Sandy.
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Hurricane Sandy

GFS/EnKF ensembles and ellipses,|C=2012102412
for storm number 18 in the AL basin
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track of Sandy.
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Hurricane Sandy

GFS/EnKF ensembles and ellipses,|C=2012102512
for storm number 18 in the AL basin
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at this lead, ~ 4.5 days

SON prior to the landfall,
finally a reduction in
45N .
uncertainty as to the
40N IS track of Sandy.
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GFS/EnKF ensembles and ellipses,IC=2012102600
for storm number 18 in the AL basin
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Hurricane Sandy

GFS/EnKF ensembles and ellipses,|C=2012102612
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GFS/EnKF ensembles and ellipses,|IC=2012102700
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Hurricane Sandy

GFS/EnKF ensembles and ellipses,|C=2012102712
for storm number 18 in the AL basin
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Previously: “Spaghetti plots”, NCEP ensemble

(546 dam contour, + 5 day forecast)

500 hPa Geopotential Height Spaghetti Plot for NCEP, 00Z 24 Oct 2009 IC

&> = %%

S~

—day+0 —day +1 — day +5

et S

NCEP ensemble has only a hint in a few members
of a major system affecting the southwest US.
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Previously: “Spaghetti plots”, ECMWF ensemble
(546 dam contour + 5 day forecast)

500 hPa Geopotential Height Spaghetti Plot for ECMWF, 00Z 24 Oct 2009 IC

BT

—day+0 —day +1 — day +5

AN

ECMWEF system much better at predicting event in central Rockies. Lessons:
(1) Probabilistic, not deterministic forecasts, are definitely needed.

(2) A high-quality ensemble prediction system is a necessity for weather-climate prediction.
27
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NOAA/NWS Storm Prediction Center, Norm'an, OK
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NOAA/NWS Storm Prediction Center, Norm'an, OK

\from the
Forecast

121029/1800V021 PROBABILITY 850 MB TEMP <= 0C
MEAN 850 MB TEMP = 0C (Black - dashed)

FCST: FO21 VALID: Mon 20121029/1800 UTC
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FCST: FO36 VALID: Tue 20121030/0800 UTC
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NOAA/NWS Storm Prediction Center, Nornzan, OK

Snowfall ate >1” (25.4 1
per hous,.+21 h forecast
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NOAA/NWS Storm Prediction Center, Norm’an, OK

Snowfall ate >1” (25.4 1
per hous,.+36 h forecast
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FCST: F021 VALID: Mon 20121029/1800 UTC
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2-m temperature “plume diagrams”
for CRW (Charleston) West Virginia

NCEP SREF plume for 3hrly-TMP at CRW from 20121028/21 UTC run (data unavailable for some selections).
Change date: and select runtime: 03 09 15 21 to view archived forecasts and verifying obervations (TEMP, DWPT, RH, WIND).

Parameters 90 SREF Models
3hrly-TMP Il Arwc Il ARN1 [l ARN2 [l ARN3
3hrly-DWP Il ArP1 ARP2 Are3 [l NMMC
v 80 Il N1 Bl NMn2 [l NMN3 Bl NMP1
3h-MUCAPE I NMP2 NMP3 [l MBCN |l ONAM
3h-MLCAPE Il »ex1 Il veN2 [l MeN3 Il MBP1
3h-EFFSHR 70 MBP2 [l MBP3 TEMP [l Mean
Shily-QPF SREF Model Selection
Total-QPF 0 ¥ arwc ¥ arn1 ¥ arN2 @ ARN3 Y
3hrly-SNO ArP1 ™ ArP2 ™ ARP3 ¥ nMmc @ NMN1
Total-SNO vz ™ nun3 @ nup1 @ nup2 @
[NMP3 “ MBCNtg ONAM@I MBN1 o MBN2
Ptype-POP
™ ueN3 ¥ upp1 ™ wpp2 ¥ Mpp3 ¥
3hr-2mRH% ~
TEMP =~ Mean
3h-10mWND
Show Model Remove Model
ALL ARW ALL ARW
NMM NMB NMM NMB
Max(y)
T 20 Help/Credits SREF Info
in(y) 00z 062 122 182 002 062 122 182 00z 062 122 182 002 062 122 Plot SREF run means (dProg/dt
SET CLR 10-29 10-29 10-29 10-29 10-30 10-30 10-30 10-30 10-31 10-31 10-31 10-31 11-01 11-01 11-01 SREF Loops | SPC | Feedback
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3-hourly snowfall accumulation for
CRW (Charleston) West Virginia

NCEP SREF plume for 3hrly-SNO at CRW from 20121028/21 UTC run (data unavailable for some selections).
Change date: and select runtime: 03 09 15 21 to view archived forecasts and verifying obervations (TEMP, DWPT, RH, WIND).

Parameters 5.0 SREF Models
3hrly-TMP Il Arvwc Il ARN1 Il ARN2 [l ARN3
3hrly-DWP I ArP1 ARP2 Arr3 [l NMMC
Il ~vN1 Bl NMN2 Bl NMN3 Bl NMP1
3h-MUCAPE . I NMP2 nvp3 [l MeCN [l ONAM
3h-MLCAPE Il xBN1 Il MBN2 Il MBN3 Il MBP1
3h-EFFSHR BP2 [l MBP3 Il Mean
Shrly-QPF SREF Model Selection
Total-QPF 3 ™ arwc™ arN1™ ArRN2 ™ ARN3I ™
3hrly-SNO larp1 ™ Arp2 @ ARP3 ™ NMmc @ NMN1
Total-SNO ¥ NMgIZ ¥ NM;3 ¥ NMngl ¢ NM§2 ¥
Ptype-POP 5 P3 MBCN™ ONAM™ MBN1 MBN2
¥ mpN3 ™ mBp1 ™ Mpp2 @ MBP3 ¥
3hr-2mRH% ean
3h-10mWND
. Show Model Remove Model
ALL ARW ALL ARW
NMM NMB NMM NMB
Max(y)
—. 0 3 . - = - Help/Credits SREF Info
Min(y) : , o . . 63 o - , 00: 06Z 122 Plot SREF run means (dProg/dt
SET CLR 10-29 3 3 3 0-3 3 3 3 3 11-01 11-01 SREF Loops | SPC | Feedback

Provides you with information on the range of possible starting and ending times,
peak snowfall rates.
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Accumulated snowfal

I o
for CRW (Charleston) West Virgin

NCEP SREF plume for Total-SNO at CRW from 20121028/21 UTC run (data unavailable for some selections).

13

plume diagrams”

Change date: | 20121030 %| and select runtime: 03 09 15 21 to view archived forecasts and verifying obervations (TEMP, DWPT, RH, WIND).
Parameters 30 SREF Models
3hrly-TMP Il Arwc Il ARN1 [l ARN2 |l ARN3
3hrly-DWP I ARP1 ARP2 ARP3 Il NMMC
Il ~vN1 |l Nvn2 |l NMN3 Bl NMP1
3h-MUCAPE I NMP2 NMP3 [l MBCN [l ONAM
3h-MLCAPE Il veN1 [l veN2 Il vBN3 [l MBP1
3h-EFFSHR uBP2 [l ¥BP3 Il Mean
Shrly-QPF SREF Model Selection
Total-QPF 4 mwc@ ARN1 [ ARN2 [ ARN3@
3hrly-SNO arp1 ™ ARP2 ™ ARP3 ¥ nMMc ¥ NMN1
Total-SNO & w2 @ nuw3 @ nvp1 @ nup2 @
Ptype-POP me3 @ mBen™ onam™ mpN1 @ mBN2
“ ueN3™ mBp1 ™ MBp2 @ MpP3 ™
3hr-2mRH% Mean
3h-10mWND
Show Model Remove Model
ALL ARW ALL ARW
NMM NMB NMM NMB
Max(y)
—_— . Help/Credits SREF Info
Min(y) Plot SREF run means (dProg/dt
558 EUR SREF Loops | SPC | Feedback

Provides you with help in estimating the range of total snowfall
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Probability of precipitation type
for CRW (Charleston) West Virginia

NCEP SREF plume for Ptype-POP at CRW from 20121028/21 UTC run (data unavailable for some selections).
Change date: | 20121030 %] and select runtime: 03 09 15 21 to view archived forecasts and verifying obervations (TEMP, DWPT, RH, WIND).

Parameters 100 SREF Models
3hrly-TMP porR Il rors [l rorz [l POPI
3hrly-DWP
3h-MUCAPE -
3h-MLCAPE
3h-EFFSHR
3hrly-QPF SREF Model Selection
Total-QPF 60 ™ porr™ pors ¥ popz ™ pop1
3hrly-SNO
Total-SNO
Ptype-POP 40
3hr-2mRH%
3h-10mWND
20 Show Model Remove Model
ALL ARW ALL ARW
NMM NMB NMM NMB
[ Max(y)
—Min(y) 0 %ﬁ%n means dPiiEFdinfo
0 062 182 002 062 122 182 002 062 122 182 002 062 122
SET CLR 10-29

10-29 10-29 10-30 10-30 10-30 10-30 10-31 10-31 10-31 10-31 11-01 11-01

11-01

SREF Loops | SPC | Feedback

Helpful in estimating probability of precipitation type.
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FCST: FO36 VALID: Tue 20121030/0900 UTC NOAA/NWS Storm Prediction Center, Norman, OK
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Bookmarks

Many other products at http://www.spc.noaa.gov/exper/sref/

D www.spc.noaa.gov/exper/sref/

[ ESRL Library % NOAA Directory %% NCARPeople & HFIP Global Forecasts [ TinyURL  Xf ComcastMail

[] Time & Attendance

PSD helpdesk || TC Tracker

["] PSD Wiki

) Picasa

[*] Matplotlib: Axes

=% Has the US fallen be

Start Stop = FRAME 1of 30 SPEED << >> 2 img/lsec DIR REV FWD ) Rock DWELL ¥ pw

4

TMP -
GTﬁ )
TACHS(KT50)

1030/0900 UTC

Winter

Fire Aviation

[MNSD]:850MB_Temp
[SP]:850MB_Temp_0C_lsotherm
[PR]:850MB_Temp_<=-2C
[PR]:850MB_Temp_<=0C

+1 [PR]:850MB_Temp_<=+2C

[MNSD):700MB_Temp
[PR]:1000-500MB_Thickness_<=5280m
[PR]:1000-500MB_Thickness_<=5340m
[PR]:1000-500MB_Thickness_<=5400m
[MAX]:3hr_Snowfall(inches)
[MN]:3hr_Snowfall(inches)
[PM]:3hr_Snowfall(inches)
[MN]:6hr_Snowfall(inches)
[MN]:12hr_Snowfall(inches)
[MN]:Snowfall_Ratio(Snow:Liquid_Eqv)

74 [PR]:Snowfall_Rate_>=1in(perhr)

[PR]:Snowfall_Rate_>=2in(perhr)
[PR]:Snowfall_Rate_>=3in(perhr)
[PR]:Freezing_Rain_Rate_>=0.05_in(per3hr)

| [PR]:Freezing_Rain_lasting_>=3hrs

[PR]:Rain_Change_to_Freezing_Rain
[PR]:Freezing_Rain_Change_to_Rain
[MDXN]:Dendritic_Growth_Zone_Depth(mb)
[PR]:Dendritic_Growth_Zone_Depth_>=50mb
[PR]:Dendritic_Growth_Zone_Depth_>=100mb
[MN]:Precipitation_Type_(NCEP_Algorithm)

[MN]:Precipitation_Type_(SPC_Czys_Algorithm)

[PR]:Probability_Rain(All_members)

\I [CPR]:Cond_Prob_Rain(Given_member_precips)

R]:Probability_Snow(All_members)

| [CPR]:Cond_Prob_Snow(Given_member_precips)

[PR]:Probability_lce_Pellets(All_members)
[CPR]:Cond_Prob_IP(Given_member_precips)
[PR]:Probability_Freezing_Rain(All_members)

[CPR]:Cond_Prob_ZR(Given_member_precips)
[PR]:Front_>=0.1_and_MPV_<=0.25_850mb
R]:Front_>=0.1_and_MPV_<=0.25_700mb

> | ™ on/off

br, Norman1 OK
- -

*To see the change in SREF_H5__ for a specific time over past model runs, click the image.

*Click here to see keyboard commands.

( ’ Storm
: Prediction

Center

Short Range Ensemble
Forecast (SREF) Products

Active Field: SREF_H5__
Active Model Run: latest

* New Plumes Page

Most Recent Model Run

2012103008z in through f087

Previous Model Runs

2012103003z

2012102921z

2012102915z

2012102909z

2012102903z

2012102821z

2012102815z

**Official SPC Forecasts**
8 Day 1 Conv. Outlook

Day 2 Conv. Outlook
Day 3 Conv. Outlook
Day 1 Fire Outlook

Day 2 Fire Outlook
Map Overlays
CWAs

Cities

Interstates

ARTCC Regions
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Some other ideas for
creatively displaying and using
ensemble data



Cyclone database & New Year's Eve storm ===

st

-~ ~ B
2.dFront  Diminutive = Frontal wave ng%?c'”‘fgve Frontal Tbone  Mature cyclone,

VAN

Barotropic low
o Interactive clickable
1 maps allow the user
to select a feature in
the control analysis...

AT (

Frontal wave

* Tracking scheme uses a combination of forward and backward tracking. It uses extrapolation and 500hPa
steering wind to estimate positions, and matches features based on separation distance, type and thickness

from Christine Johnson' s presentation at Nov 2007 ECMWF workshop on ensemble prediction 47



» Clicking on a feature brings up feature-specific tracks from each ensemble member
and matching plumes of intensity measures to identify the potential for high-impact weather

Pressure ot feature centre (mb)

This storm tracked across
Scotland, with gusts up to
100mph, leading to the
high-profile cancellation
of New Year's Eve
celebrations and loss of
power to 1000s of homes

© Crown copyright 2007

from Christine Johnson’ s presentation at Nov 2007 ECMWF workshop on ensemble prediction 45
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Figure 3. Ensemble mean and spread. The contours show the forecast mean sea-level pressure
(MSLP) field for six days ahead from the ensemble-mean (left panel) and the single higher resolution
deterministic’ forecast (right panel). The spread within the ensemble is also represented on each
panel, using coloured shading. On the right panel, spread is simply represented as the standard
deviation. Small values (light shading) indicate small spread differences between the ensemble
members and hence high confidence, while large values indicate large differences and therefore low
confidence. The shading on the left panel shows a normalised standard deviation, putting the
spread into the context of the general ensemble behaviour, in that area, over the last 30 days. In
this example the spread indicates relatively high confidence (green) in the high pressure area over .
the UK, but more uncertainty (purple) in the low pressure areas in the Mediterranean and Atlantic. C/ o D. Richardson &
These charts are updated daily at http://www.ecmwf.int/products/forecasts/d/charts/medium/eps/ ECMWEF Newslettéd
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Centre météorologique canadien Canadian Meteorological Centre

Ensemble and Deterministic Forecasts issued 13 May 2008 00 UTC
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EPSgrams
from
RPN Canada
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http://www.ecmwf.int/products/forecasts/guide/Calculating_the_EFl.html

Using reforecasts in the absence of observations:
the “Extreme Forecast Index”

EFI =

2 1 p—Fr(p)

d
n -0 /p(1-p) g

M-climate

EPS

Positive EFI

M-climate

Negative EFI

EPS

M-climate

We previously talked about

statistical post-processing as
a way of dealing with model
bias.

But what if you do have
reforecasts but you don’t have
a long time series of observed/
analyzed data.

Can you leverage your
reforecast to tell you something
about how unusual today’s
weather forecast is?

ECMWF’s Extreme Forecast
Index does this.
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EFls typically get more extreme
in advance of a high-impact event

Climate Climate
+144h +144h
+96 +96h
+48h +48h
Precipitation Precipitation

c/o ECMWEF 52



EFI
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Figure 5. Floods in November 2009: EPS forecast from 00 utc on 15 November. Left: the EPS forecast
shows up to 50% probability for heavy rainfall (more than 25 millimetres in 24 hours) on 19
November. Right: model climate (black) and EPS forecast (blue) distribution of 24-hour rainfall for
a grid point in Cumbria. c3



Krasnodar region, Russia, 6-7 July 2012

o
Moscow

RUSSIAN FEDERATION

Some 28 cm of water fell in some areas

A genemal view of the flooding in the Krymek, Krasnodar region, Russia, 07 July 2012. EPA/BGNES

* Severe flash floods caused by torrential rain killed more than 140 people in Krasnodar region in
the early hours of Saturday morning, 7 July 2012. Some 280 mm of rain fell in some areas
according to the local authorities.
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EFI for total precipitation
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* Very strong signal of heavy precipitation on the day of

the event. Some indications 2 days in advance.
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EFI display combining wind and precipitation
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Figure 7. Early warning for winter storm Xynthia, February 2010: high-resolution deterministic
model and EPS forecasts initialised at 00 utc on 26 February. Contours show the sea-level pressure
field for 00 utc 28 February as forecast by the deterministic model. Coloured symbols show the . .

Extreme Forecast Index (EFI) warnings of extreme winds (purple symbols) and heavy rainfall (green C/ 0 DaVI d RICha rdso n,

symbols) to occur during 28 February (00 utc on 28 February to 00 utc on 1 March,). Filled-in ECMWEF 56
symbols indicate greater risk of extreme events.




Will your meteorological display
system have the sorts of plots
I'll show you here?

| don’t know.

If you like these, push your weather
services to make these graphics
more readily available.



Conclusions

* Many ensemble display techniques out
there.

* Understanding how ensembles work and
their limitations can help you learn to use
the ensemble guidance more productively.



Supersaturation (g/m?)

Dendritic growth zone:
depth of -12 to -18C layer
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